Purpose: Investigations such as EEG and brain imaging are often difficult to obtain in primary care settings of resource-limited regions impacting millions of epilepsy patients. We wanted to test the hypothesis that classification of chronic epilepsy into focal and generalized based on clinical history and examination alone would be comparable to making such a classification with additional inputs from EEG and brain imaging. Methods: Two investigators independently classified consecutive chronic epilepsy patients into focal, generalized and unclassified epilepsy. Investigator 1 made this determination using clinical history and examination alone whereas Investigator II additionally used EEG and brain imaging too. We calculated inter observer agreement between the two investigators and also looked at the predictors of focal and generalized epilepsy. Results: Five hundred and twelve patients were recruited. Inter observer agreement between the two investigators in making the focal versus generalized classification was 96.8%, kappa 0.91 (p < 0.0001). When EEG and neuroimaging findings were added to clinical information, there was a change in classification in 3.2% patients. Several predictors of focal and generalized epilepsy were identified. Conclusions: Classification of chronic epilepsy into focal and generalized can be done reliably in most patients using clinical information alone. Investigating chronic epilepsy patients with EEG and brain imaging may not be necessary in every patient. The results of our study are especially significant for epilepsy patients living in resource-limited regions where such investigations may not always be available.
Introduction
Chronic untreated epilepsy is both easy and cost-effective to treat with at least 47% patients expected to become seizure-free with one correctly chosen antiepileptic drug (AED) [1] . Of all epilepsy patients, about 80% live in developing countries and the majority remain untreated [2] . Approximately 12 million people with active epilepsy live in India [3] ; less than 50% receive adequate treatment [4] . Epilepsy classification comprises determination of seizure type, epilepsy syndrome, etiological factors and co-morbidities or impairments. However, in some patients, a broad classification of epilepsy into focal and generalized may be enough to make the initial management decisions.
Classifying epilepsy into focal and generalized has therapeutic implications. Generalized epilepsy (GE) responds well to treatment. Treatment failure in GE more often results from misdiagnosis of epilepsy type and an inappropriate choice of AED [5] . Narrow spectrum AEDs such as carbamazepine (CBZ) are effective in focal epilepsies but sometimes exacerbate generalized seizure types such as myoclonus and absences. Newer, broad spectrum AEDs are effective in both focal and GE, but at a significantly higher cost. Their efficacy too, may not be as good as valproic acid or CBZ [6] . In addition to taking the patient's history and conducting a clinical examination, investigations such as an EEG and brain imaging are also considered before classifying a patient's epilepsy as focal or generalized.
However, in developing countries, these investigations are often unavailable in a primary care setting. Physicians are skeptical about how well patients can be managed unless investigated and experts generally recommend the same. Many patients do not get treatment while they await investigations which may either not be available or may be too expensive. How reliably can the focal versus generalized distinction be made on clinical grounds alone without investigations? Our hypothesis was that the classification of chronic epilepsy into focal and generalized based on clinical history and examination would be comparable to classification that additionally used EEG and brain imaging. To address this question, we conducted this study. The study was designed in compliance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [7] .
Subjects and methods

Study design and participants
This single center, prospective, cross-sectional study was conducted in a tertiary care teaching hospital in India. Consecutive epilepsy patients of age !2 years fulfilling inclusion criteria attending Neurology outpatient clinic were enrolled. All patients or their legal representatives (for minor or disabled patients) gave a written informed consent and the institutional ethics review board approved the study. The diagnosis of epilepsy was based on the practical clinical definition of epilepsy proposed by ILAE in 2014. Epilepsy was diagnosed if patients had at least two unprovoked seizures occurring more than 24 h apart or even one unprovoked seizure with a high probability of further seizures. If the description of seizure semiology of a patient made nonepileptic seizures likely, then the patient was not included. Acute symptomatic seizures were also excluded.
Two independent investigators classified patients into focal, generalized and unclassified epilepsy. One investigator (SK) used only clinical data to do this whereas the other investigator (MBS) additionally used results of EEG and brain imaging. Clinical data was gathered by SK using a structured proforma that included 46 items (Supplementary data appendix S-1). These included demographic details, an account of epilepsy risk factors, description of seizure semiology and prominent findings on neurological examination. To ensure that a difference in years of clinical experience between SK and MBS was not responsible for any difference of opinion between them, we looked for inter observer agreement (kappa) between them before commencing the study.
After clinical evaluation, all patients underwent a 40-min 21-channel EEG according to the International 10-20 system including 3 min of hyperventilation and photic stimulation from 1 to 30 flashes/s. Patients with no prior baseline brain imaging or with poor quality imaging underwent a non-contrast computed topography (CT) brain scan followed by a contrast enhanced scan if indicated. Both these investigation results were made available to Investigator II before this investigator made a final determination about the patient's epilepsy classification.
Definitions and criteria
In this study we followed the practical clinical definition of epilepsy accepted by ILAE in 2004 [8] . We defined chronic epilepsy as epilepsy of at least one-year duration. Traumatic brain injury (TBI) was defined as any head injury associated with a loss of consciousness (of any duration) and/or bleeding from ear, nose or oral cavity. Epilepsy in remission was defined as seizure freedom for five years or longer.
Sample size
We did not find any study that specifically investgated the contibution of EEG and brain imaging in classifying chronic epilepsy into focal and generalized. In our clinical experience about 75% patients present with focal epilepsy and 25% with generalized epilepsy. Working with the assumption that the inter observer agreement between the two investigators expressed as kappa would be 80% and expecting that both investigators would detect about 25% epilepsies as generalized with an absolute error margin of 6% in a two sided 95% CI, we needed 521 epilepsy patients.
Outcomes
We were interested in two primary outcomes: (1) Agreement between the classification of epilepsy into focal and generalized made by the two investigators based on clinical data alone (investigator I) and based on clinical data along with EEG and brain imaging findings (investigator II) and (2) Predictors of focal and generalized epilepsy assessed as odds ratio.
Statistical analysis
Data was entered into MS EXCEL
1 spreadsheets and analyzed using statistical software Stata version14.2. Qualitative data was expressed as frequency and percentages. Quantitative data following normal distribution was expressed as means and 
Results
Before commencing the study, the baseline interobserver agreement between the two investigators in classifying epilepsy into focal and generalized based only on clinical history and examination, without investigations, was established. Of the initial 124 patients (excluding 9 unclassified patients), agreement in focal versus generalized diagnosis between the two investigators was 97.6%, kappa 0.94 (p = 0.0005). Five hundred twelve patients were recruited from June to November 2016. Details of baseline demographic and clinical characteristics are shown in Table 1 .
Investigator I classified 372 patients as focal, 119 as generalized and 21 as unclassified. Investigator II classified 378 patients as focal, 125 as generalized and 9 as unclassified ( Table 2) .
Only those patients who were classified as either focal or generalized were included for calculating concordance between the two investigators. Patients who remained unclassified by either investigator (n = 21) were excluded. The agreement in diagnosis between the two investigators was 96.8%, kappa 0.91 (p < 0.0001). Investigations changed diagnosis in 3.2% patients. In both focal and generalized epilepsy, more than 75% EEGs were normal. Brain imaging was abnormal in 63 and 9.4% patients in focal and generalized epilepsy groups respectively. Details of epilepsy risk factors and seizure semiology variables associated with type of epilepsy are shown in Tables 3 and 4 .
Past history of head trauma and stroke, focal deficit on neurological examination, consistent asymmetry at seizure onset, behavioral arrest, intermittent one sided limb jerking, automatisms, unilateral tonic or dystonic posturing, unilateral facial twitching, verbalization during the seizure, postictal aphasia and Todd's palsy were exclusively associated with focal seizures. In the multivariable logistic regression analysis, aura preceding a seizure, head version during seizure, younger (<10 years) age at the onset of epilepsy and delayed developmental milestones were associated with focal epilepsy. Presence of myoclonic jerks and seizures mostly on awakening were significantly associated with generalized epilepsy.
Discussion
Our aim was to study the contribution of EEG and brain imaging over and above the patient's history and examination in classifying chronic epilepsy into focal and generalised, and determining reliable clinical predictors of making this distinction. There was significant concordance between the focal/generalised classification made by the two investigators -one using only clinical data and the other with additional investigations. The inter observer agreement between them was excellent.
In this study, 41% patients with generalized epilepsy and 16% patients with focal epilepsy reported a family history of epilepsy. In literature, a 40-70% family history has been reported in patients with generalized epilepsy [9, 10] . The EEG of 24% patients with generalized epilepsy showed generalized spike and wave discharges. In patients with focal epilepsy, 24% had focal interictal epileptiform discharges. These findings highlight the low yield of EEG in epilepsy patients who are already on AEDs. EEG has low sensitivity (25-65%) and variable specificity (78-98%) for diagnosis and classification of epilepsy [11] . An abnormal CT was present in 63% focal epilepsy patients. However, the presence of a calcified lesion alone cannot be grounds for assuming that the patient's epilepsy is focal. Incidental calcified lesions may often be present on brain imaging in patients living in regions that have a high prevalence of neurocysticercosis. In this study it was observed that the patients with focal epilepsy more often had a history of delayed developmental milestones and were younger at onset of epilepsy. This could be because, in spite of improving conditions in India, a high proportion of women still deliver babies at home12, 13 and the incidence of birth asphyxia remains high (mild birth asphyxia 14.2% and severe birth asphyxia 4.6%) [12] . Twelve variables including past histories of stroke and head trauma, focal neurological deficit on examination, consistent asymmetry at seizure onset, behavioral arrest, intermittent one-sided limb jerking, automatisms, unilateral tonic or dystonic posturing, unilateral facial twitching, verbalization during the seizure, postictal aphasia and Todd's palsy are extremely strong predictors of focal epilepsy. Of these, asymmetry at seizure onset was identified most frequently in our patients and more than half of the patients with focal epilepsy reported it. The other eleven variables, were present less frequently, yet remain important discriminators between focal and generalized epilepsy.
This study was conducted in a tertiary care setting, which provides comprehensive epilepsy care. Patients who have been referred for surgery due to poor seizure control may be overrepresented here. Some of these patients may actually be surgical candidates and go on to have epilepsy surgery while many others may just not have received any or the best medical management yet in the primary care setting from where they have come or have been referred. As expected, most of these patients were not seizure-free in spite of being on treatment. We principally relied on two aspects to make the focal/generalized distinction. One was the history given by patients to suggest any possible etiological clue that may have led to the epilepsy such as history of birth hypoxia, febrile seizures, head trauma, CNS infection etc. Secondly, we tried to elicit the seizure semiology in detail. We were aided in this by the fact that most patients who were studied had lived with epilepsy for many years. In the setting of long standing epilepsy with frequent seizures, the likelihood of patients remembering, recalling and accurately describing seizure phenomenology is higher as compared to patients who have either been recently diagnosed with epilepsy or have been relatively seizure-free for many years. Additionally, when focal epilepsy patients are already on AEDs, like patients included in this study, they often do not generalize. This makes them more likely to remember and report auras and focal or asymmetrical seizure onsets. One limitation of our study is that due to logistic reasons, we did not randomize patients to the two investigators. Also, due to the study setting, patients described here may not be truly representative of all epilepsy patients, especially those who present to doctors providing primary care. The investigators involved in the study were either neurologists or neurology trainees and they had a significant amount of clinical experience in diagnosing and treating epilepsy. One of the investigators additionally has had the unique opportunity of regularly volunteering at rural epilepsy outreach clinics in the primary care setting while she also works in a tertiary care center. In fact, that is where our research question originally stemmed from. In many developing countries, investigations such as EEG and imaging are either not available in the primary care setting or are of a poor or unreliable standard or out of patients' reach due to the cost. Under such circumstances, an insistence on investigations as an essential prerequisite to treatment may not be required in every epilepsy patient. Finally, although most patients recruited in our study were older (mean age in the generalized epilepsy group was 25.0 AE 7.83 years and in the focal epilepsy group was 24.2 AE 10.53 years), we included all patients who were 2 years or older. As subgroup analysis had not been planned a priori, we could not report results separately according to various age groups.
Our results highlight that EEG and brain imaging may not be needed in every patient of chronic epilepsy. This would be especially true where these tests are being ordered with the sole purpose of differentiating focal from generalized epilepsy. While recommending EEG and brain imaging for chronic epilepsy, most published guidelines do not make a clear distinction between recommendations for primary and secondary/tertiary care. Also, international guidelines do not take into account the geographical location of patients and guidelines remain the same for developed and developing countries. Some guidelines are also available specifically for India but epilepsy primary care guidelines have not been laid down separately in these either [13] [14] [15] . While brain imaging is extremely useful and sometimes even recommended urgently, like in late-onset epilepsy, its' cost effectiveness in chronic epilepsy patients can be improved. We feel that in many To the best of our knowledge, this is the first study that demonstrates that in patients of chronic epilepsy, a detailed clinical history and neurological examination may be enough to classify epilepsy into focal and generalized. This classification has implications in selecting an appropriate AED and predicting prognosis in epilepsy patients. The relevance of our results for management of epilepsy patients in resource-limited countries cannot be overstated.
Disclosures
None of the authors have any conflict of interest to disclose.
